Cherry leaf spot is one of the most common and devastating diseases of cherries worldwide. The disease causes considerable yield losses in many cherry growing regions. We surveyed cherry leaf spot disease in Beijing City and collected 67 fungal isolates from approximately 60 diseased leaves. Multigene phylogenetic analyses coupled with morphological observations facilitated the identification of species isolated from the diseased tissues. Pathogenicity assays were conducted for six isolates representing all the identified species and Koch's postulates were confirmed on three cultivars of Prunus avium under greenhouse conditions. These results confirmed their pathogenicity on cherry leaves as symptoms were reproduced. Based on these results, a novel taxon Alternaria prunicola sp. nov. is reported as the main pathogen of Cherry leaf spot in Beijing City. In addition, Alternaria alternata, Alternaria pseudoeichhorniae sp. nov., Colletotrichum aenigma, Colletotrichum pseudotheobromicola sp. nov., Epicoccum pseudokeratinophilum sp. nov., Nothophoma pruni sp. nov., Nothophoma quercina and Stagonosporopsis citrulli were also isolated from Cherry leaf spots. Significant variations in the virulence were observed among fungal species on different cherry cultivars.
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. Aligned gene regions were concatenated for the analyses in the following order: ITS, GAPDHALT, RPB2, TEF 1-α and Alt-a 1 for Alternaria species; ITS, GAPDHC, CHS-1, ACT and TUB2 for Colletotrichum species; LSU, ITS, RPB2, and TUB2 for Didymellaceae species.
Maximum parsimony (MP) analysis based on the combined dataset was conducted in PAUP (phylogenetic analysis using parsimony) 4.0b10 (Swofford 2002) . Phylogenetic trees were generated using the heuristic search option with tree bisection-reconnection (TBR) branch swapping and 1000 random sequence additions. Ambiguous regions in the alignment were excluded, and gaps were treated as missing data. Clade stability was assessed using a bootstrap analysis with 1000 replications (Hillis & Bull 1993) . Maxtrees were set up to 1000, branches of zero length were collapsed, and all multiple parsimonious trees were saved. Descriptive statistics such as tree length (TL), consistency index (CI), retention index (RI), relative consistency index (RC), and homoplasy index (HI) were calculated for trees inferred under different optimality criteria. Their significance was evaluated using Kishino-Hasegawa tests (KHT) (Kishino & Hasegawa 1989) .
Maximum likelihood (ML) analysis was conducted in RAXMLGUI 0.9b2 (Silvestro & Michalak 2010) for 1000 nonparametric bootstrapping iterations, using the general time reversible model (GTR) with a discrete gamma distribution. Trees with the final likelihood values of -6586.660252, -8409.454513, -16 769.656375 were selected as the best-scoring trees for Alternaria species, Colletotrichum species and Didymellaceae species respectively and the replicates were plotted relative to it.
Furthermore, Bayesian reconstructions were performed using MRBAYES 3.0b4 (Ronquist & Huelsenbeck 2003) . The evolutionary models for phylogenetic analyses were determined independently for each locus by MRMODELTEST 2.3 (Nylander 2004 ). The best model selected for each locus was given in Table 1 . Four simultaneous Markov chains were run for 1,000,000 generations with increments of additional generations when needed until the standard deviation of split frequencies reach 0.01. From the 10 000 trees obtained, first 2000 representing the burn-in phase of the analyses were discarded while the remaining 8,000 trees were used for calculating posterior probabilities in the majority rule consensus tree (critical value for the topological convergence diagnostic set to 0.01) (Crous et al. 2006) . All the phylogenetic trees were drawn using TREEVIEW 1.6.6 (Page 1996) . Sequences derived in this study were deposited in GenBank; alignments and trees were deposited in TreeBase for Alternaria species, Colletotrichum species and Didymellaceae species (S23535).
Pathogenicity assay
Pathogenicity tests were conducted on young, healthy detached leaves of three Prunus avium cultivars namely, 'Tieton', 'Summit' and 'Sunburst' from Tongzhou Experimental Station for Cherries, Beijing Academy of Forestry and Pomology Sciences, Beijing, China. Pathogenicity of three isolates of Alternaria species (MFLUCC 18-1597 , MFLUCC 18-1599 , and MFLUCC 18-1587 , three Didymellaceae species (MFLUCC 18-1593 , MFLUCC 18-1595 and MFLUCC 18-1600 and three isolates Colletotrichum species (MFLUCC 18-1604 , MFLUCC 18-1603 and MFLUCC 18-1602 were randomly tested. Leaf surfaces were sterilized by washing in 75% ethanol for 1 min, then in 10% sodium hypochlorite for 1 min, followed by washing with distilled water three times. The experiment was conducted using six leaves per isolate (including one control), inoculated by non-wound and wound inoculation approaches and repeated three times to get stable results. These wound and non-wound inoculations were performed on symmetrical halves of each leaf. For the wound inoculation, the upper epidermal layer of the leaf was injured with a sterile needle. One hundred µl of the inoculum consisting of 10 6 spores/ml conidial suspension were inoculated on both the wound and non-wound sites of each of the leaves. Sterile water was used as the control. Each inoculated leaf was placed in a 12 cm diameter petri dish and incubated in a moist chamber at 25 °C with an 80% relative humidity until symptoms appeared. Lesion lengths were recorded three days after the inoculation. Koch's postulates were confirmed by 494 re-isolating the inoculated fungus. The re-isolated fungus was identified based on cultural and morphological characters. 
Results

Disease symptoms identified in the field
During this study, symptomatic cherry leaves were observed in the fields at Academy of Forestry and Pomology Sciences, Beijing (Fig. 1) . Initially, small, dark red or purple pinpoint lesions appear on the top leaf surface of infected leaves in early summer. With time these lesions enlarge to 505 form red-brown, 1-3 mm circular lesions with evenly curved and smooth margins. In some leaves, these enlarged pinpoint spots combined together to form larger dead patches. Following 7-10 days of initial symptoms, necrotic tissues of the leaf spots drop out causing shot holes. Heavily infected leaves turn light green and yellow areas resulted from leaf chlorosis form around the spots. One month after the initial infection, leaves die off and fall from the tree leading to premature tree defoliation. Disease severity of the plants in the field is very high. Almost all of the trees were infected and most of the trees show heavy infection.
Fungal isolation
A total of 67 isolates were obtained from leaf spot tissues of approximately 60 diseased leaves collected from Prunus avium at Beijing Academy of Forestry and Pomology Sciences, Beijing, China. Among these, the majority were Alternaria species (58 isolates) and the rest divided among Colletotrichum (3 isolates) and didymellaceous taxa (6 isolates).
Multi-locus phylogenetic analyses
Phylogenetic analyses were conducted separately for Alternaria species, Colletotrichum species and for the species in Didymellaceae. The first phylogenetic tree focusses on the Alternaria section Alternaria, the second one was for Colletotrichum species and the last one was produced to estimate the phylogenies of Didymellaceae species. As described in Jeewon & Hyde (2016) , recommendations for base pair differences among the species were followed when introducing new species. The phylogeny of genus Alternaria was defined by 76 strains of Alternaria species. In the phylogenetic analyses, 14 internal clades (herein called sections) occur consistently in the individual and combined phylogenies. These include sections Alternaria, Alternantherae, Brassicicola, Cheiranthus, Dianthicola, Eureka, Gypsophilae, Japonicae, Panax, Pseudoulocladium, Porri, Radicina, Sonchi, Teretispora and Ulocladioides . Several gene combinations were tested to obtain the best resolution for the identification of Alternaria pathogens. Among these combinations, ITS, GAPDHALT, RPB2, TEF 1-α and Alt-a 1 proved to be the best combination. All the isolates from the current study clustered in a subclade within section Alternaria (Supplementary Fig. 1 ). Therefore, separate phylogenetic analyses were conducted for Alternaria section Alternaria. Alternaria section Alternaria combined dataset consists of 42 sequences representing 15 taxa with Alternaria alternantherae (CBS 124392) of section Alternantherae as the outgroup. Multi-gene phylogenetic trees with similar topologies were generated from MP, ML and Bayesian analyses. The parsimony analysis comprised 2681 total characters including gaps. The concatenated alignment contained 179 parsimony informative characters, 184 variable and parsimony-uninformative characters, and 2318 constant characters. The first of 1000 equally parsimonious trees is shown in Fig. 2 , which enabled the identification of the isolates to species level, with a better resolution than the single-gene analyses (TL=477, CI=0.830, RI=0.877, RC=0.728, HI=0.170). Maximum likelihood matrix had 309 distinct alignment patterns, with 10.48 % of undetermined characters or gaps. Estimated base frequencies were as follows; A = 0.239957, C = 0.281729, G = 0.243707, T = 0.234608; substitution rates AC = 1.097417, AG = 2.879682, AT = 0.925667, CG = 0.528440, CT = 5.893520, GT = 1.000000; gamma distribution shape parameter α = 0.107840. All our isolates divided among three species. Combined phylogenetic analyses provided good evidence that most of the isolates in the current study belong to a new species, which we introduce in this study as Alternaria prunicola, with high bootstrap values and high Bayesian posterior probabilities (MP: 81%, ML: 85%, BPP: 1.00). Many of the isolates of the current study were clustered together with Alternaria prunicola. Hence, it was considered as the main pathogen of Cherry leaf spot disease in Beijing, China. In addition, another new species Alternaria pseudoeichhorniae was identified with high bootstrap values and high Bayesian posterior probabilities (MP: 100%, ML: 95%, BPP: 1.00). Several Alternaria isolates were clustered with the ex-type of previously identified pathogen Alternaria alternata (CBS 916.96 ). In the phylogenetic analyses, Alternaria alternata isolates clustered into two sub clades. This is similar to the study conducted by Woudenberg et al. (2015) where they clustered into many sub clades. During this study, 35 morphospecies were synonymized under A. alternata due to their inability to be reliably distinguished in the multi-gene phylogeny. In the current study, we have selected several A. alternata isolates representing these clades. Similarly, we have also observed several sub clades in our analyses for the synonymized A. alternata isolates. For the identification of Colletotrichum isolates, a phylogenetic tree was constructed using 63 representative Colletotrichum isolates including the isolates from the current study. Based on NCBI GenBank BLASTn search, all Colletotrichum isolates of the current study belong to C. gloeosporioides species complex. Concatenated analyses of ITS, GAPDH, CHS-1, ACT and TUB2 were performed for the C. gloeosporioides species complex. The dataset consists of 62 sequences representing 42 taxa with Colletotrichum boninense (MAFF 305972) representing the outgroup. The trees generated from the Bayesian and ML analyses share a similar topology from that of the MP analysis (Fig. 3) . The parsimony analysis comprised 1941 total characters including gaps. The concatenated alignment consists of 361 parsimony informative characters, 250 variable and parsimony-uninformative characters and 1330 constant characters. The first of 1000 equally parsimonious trees is shown in Fig. 3 , which enabled the identification of the isolates to the species level, with a better resolution than the single-gene analyses (TL=1077, CI=0.703, RI=0.852, RC=0.599, HI=0.297). Maximum Likelihood alignment matrix had 694 distinct alignment patterns, with 13.50 % of undetermined characters or gaps. Estimated base frequencies were as follows; A = 0.229422, C = 0.297559, G = 0.244522, T = 0.228496; substitution rates AC = 1.040111, AG = 2.595057, AT = 0.828774, CG = 0.691054, CT = 4.320904, GT = 1.000000; gamma distribution 507 shape parameter α = 0.388664. In Fig. 3, two of Identification of Didymellaceae species was conducted using a concatenated multigene phylogenetic analysis of LSU, ITS, RPB2, and TUB2 gene regions. The Didymellaceae alignment included 113 strains, representing three genera with Neocucubitaria aquatica (CBS 297.74) as the outgroup, and consisted of 2328 characters forming 703 unique alignment patterns. Similar topology multigene phylogenetic trees were generated from the Bayesian, ML and MP analyses (Fig. 4) . The parsimony analysis comprised 2328 total characters including gaps. The concatenated 509 alignment consists of 452 parsimony informative characters, 274 variable and parsimonyuninformative characters, and 1602 constant characters. The first of 1000 equally parsimonious trees is shown in Fig. 4 , which enabled the identification of the isolates to species level (TL= 2601, CI= 0.392, RI=0.800, RC=0.314, HI=0.608). Maximum likelihood alignment consisted of 9.08% of undetermined characters or gaps. Estimated base frequencies were as follows; A = 0.238604, C = 0.244685, G = 0.274276, T = 0.242435; substitution rates AC = 1.272245, AG = 3.581243, AT = 1.481142, CG = 0.853475, CT = 8.586284, GT = 1.000000; gamma distribution shape parameter α = 0.175954. In the current tree (Fig. 4) (MFLUCC 18-1595) and an isolate of Nothophoma pruni (MFLUCC 18-1600) were subjected to detached leaf inoculation assay on three cultivars of Prunus avium.
Pathogenicity assay
Initially, pinpoint necrotic spots were formed near the inoculated area on leaves. Three days after inoculation, evenly round lesions surrounded by achlorotic margin were recorded on wounded inoculated leaves. These symptoms were similar to the characteristic lesions of cherry leaf spot that were observed in the field. After five days, lesions expanded and coalesced together to form larger necrotic areas. Colletotrichum species, being the highly pathogenic taxa, formed larger, dark brown necrotic areas. The major pathogen, A. prunicola formed identical necrotic areas for all of its isolates. Compared to these two genera, Didymellaceae species formed insignificant or no necrotic areas on the wounded leaves. No symptoms were observed on non-wounded inoculated leaves or on wounded and non-wounded leaves maintained as controls. Re-isolation from lesions confirmed the inoculated fungus based on cultural and morphological characters such as colony characters and conidial characters.
According to one-way ANOVA analysis, significantly different lesion areas resulted from different isolates (F8= 6.57, p=0.000). Mean difference in the lesion areas were significantly highest between Epicoccum pseudokeratinophilum (lowest lesion area) and Colletotrichum pseudotheobromae (highest lesion area). Furthermore, significantly different lesion areas resulted in different cherry cultivars (F8= 6.42, p=0.002). Mean lesion area of Prunus avium cv. 'Summit' was significantly different from mean lesion areas of Prunus avium cv. 'Tieton' and 'Sunburst'. Lesion areas formed by all of the isolates on Prunus avium cv. 'Summit' were larger, while smallest lesion areas were formed on Prunus avium cv. 'Sunburst'. Therefore, based on the analysis Prunus avium cv. 'Summit' was highly susceptible to cherry leaf spot disease whereas Prunus avium cv. 'Sunburst' showed the highest resistance to the disease. Two-way ANOVA analysis for lesion area showed that there was a significant interaction between the pathogen and cherry cultivar for forming lesion areas (Table 5 ) and the interaction plot for lesion area demonstrated these relationships (Figs 5, 6 ). (1816), is an ubiquitous genus treated under Pleosporaceae, Pleosporales, Dothideomycetes. The genus includes saprobes, endophytes and plant pathogens associated with a wide variety of substrates (Woudenberg et al. 2013 ). The genus has been subjected to several major revisions during the last few years (Woudenberg et al. 2013 , Ariyawansa et al. 2015 .
Alternaria alternata (Fr.) Keissl., Beih. Bot. Centralbl., Abt. Pathogenic on diseased leaves of Prunus avium. Sexual morph: Undetermined. Asexual morph: Hyphae superficial or submerged, subhyaline, branched, smooth to verruculose, septate, 2-3 μm wide. Conidiophores 23-40 × 3-5 μm (x ̅ = 27 × 3.5 μm, n = 20), solitary, simple or branched, brown, multi-septate, with a single terminal conidiogenous loci. Conidia 20-40 × 9-15 μm (x ̅ = 29 × 10.2 μm, n = 40), solitary or in branched chains of 20 or more, first 1-2 conidia in each chain longer than others, straight, ellipsoidal or ovoid, pale to dark brown to olivaceous green, with smooth outer wall, some muriform, usually with 1-6 transverse septa and 0-3 longitudinal septa, rounded apex. Conidial beaks pale brown to subhyaline, not branched, 2-6 × 3-4 μm.
Culture characteristics -Colonies on PCA attaining 80 mm diam. after 5 days at 25 °C, circular, entire-edged, flat, floccose to woolly, surface pale olivaceous grey near the margin changing to dull green in the centre and reverse olivaceous black in the centre and pale olivaceous grey near the margin. Notes -Alternaria alternata is a common pathogen of many hosts and mostly found as saprobes (Thomidis & Tsipouridis 2006 , Hyde et al. 2009 , Jayawardena et al. 2016 . There is a report on A. alternata causing leaf spot on cherry in Greece (Thomidis & Tsipouridis 2006) . Based on our phylogenetic analysis of combined ITS, GAPDH, RPB2, TEF 1-α and Alt-a sequence data of Alternaria species (Fig. 2) , some of our isolates (MFLUCC 18-1586, JZB3180012,) clustered together with the ex-type strain of A. alternata (CBS 916.96 ) with high bootstrap and Bayesian probabilities (99% MP, 95% ML and 1.00 PP), while others (JZB3180011, JZB3180014, JZB3180002 and MFLUCC 18-1587) are phylogenetically distant. As discussed under multi-gene phylogenies, this phylogenetically distant group is due to the inclusion of different morphospecies used in the study which are currently synonymized under A. alternata. Comparisons of base pair differences for all the genes between our strain (MFLUCC 18-1586) and ex-type strain of A. alternata (CBS 916.96) reveal identical or less than 1% base pair differences. When our strain was compared with the type specimen of A. alternata (CBS 916.96) , it showed similar morphology (Ariyawansa et al. 2015 , Woudenberg et al. 2015 . Etymology -The specific epithet prunicola was given after the host genus. Pathogenic on diseased leaves of Prunus avium. Sexual morph: not observed. Asexual morph: Hyphae subhyaline to pale olivaceous, branched, smooth, septate, 3-4 μm wide. Conidiophores 13-40 × 2.5-5 μm (x ̅ = 26.5 × 3.8 μm, n = 20), solitary, simple, straight or flexuous, dark brown, multi-septate, with a single or two terminal conidiogenous loci. Conidia 18-37.1 × 6-15 μm (x ̅ = 25.5 × 8.8 μm, n = 40), solitary or in branched chains of 4 or more, straight, clavate to elongated clavate, olivaceous to light brown, with smooth outer wall, some muriform, usually with 3-4 transverse septa and 0-1 longitudinal septa, rarely have oblique septa which divide the septate cells into cuboid portions, often constricted at the primary septa, rounded apex, stalked or stalkless.
Alternaria prunicola
Culture characteristics -Colonies on PCA attaining 80 mm diam. after 5 days at 25 °C, circular, entire-edged, effuse, floccose to woolly, surface pale olivaceous grey near the margin changing to dull green in the centre and reverse olivaceous black in the centre and pale olivaceous grey near the margin.
Material examined -CHINA. Note -In our phylogenetic analysis of combined ITS, GAPDH, RPB2, TEF 1-α and Alt-a sequence data of Alternaria species (Fig. 2) , all of the isolates belonging to Alternaria prunicola formed a subclade within section Alternaria. Alternaria prunicola was well-separated from other Alternaria species with a strong 82% ML, 81% MP bootstrap values and 1.00 posterior probability; its sister taxa A. alternata (CBS 919.96) and A. longipes (CBS 540.94) clustered separately from A. prunicola with 100% MP, 100% ML and 1.00 posterior probabilities. A comparison of the 509 nucleotides across the ITS (+5.8S) gene region between A. prunicola (MFLUCC 18-1597) and its sister taxa A. alternata (CBS 919.96) and A. longipes (CBS 540.94) reveal 22.09% and 22.28% base pair differences respectively. In addition, we compared our new taxon with A. alternata (CBS 919.96) and A. longipes (CBS 540.94) for base pair differences in the protein coding genes and there are 2.86% and 3.43% base pair differences respectively across 524 nucleotides in GAPDH gene region; 1.66% and 8.73% base pair differences respectively across 1070 nucleotides in RPB2 gene region; 8.33% and 10.13% base pair differences respectively across 202 nucleotides in TEF 1-515 α gene region. Another Alternaria species, Alternaria pruni McAlpine had been isolated from Apricot leaves. However, it is morphologically different from our collection in having larger (52-64 × 13-18 μm), 6-8 septate spores (McAlpine 1902) . Due to the unavailability of DNA sequences, this was not included in the phylogenetic analysis. Our collection is distinct from A. alternata, another reported cherry leaf spot pathogen, in having clavate to elongated clavate, 3-4 transverse septate and 0-1 longitudinal septate, smaller conidia (18-37.1 × 6-15 μm), in contrast to obclavate, obpyriform, ovoid or ellipsoidal, pale to mid golden brown, 8 transverse and usually several longitudinal or oblique septate, larger (20-63 × 9-18 μm) conidia of A. alternata (Ellis 1971) . Etymology -The specific epithet pseudoeichhorniae was given after its close resemblance to Alternaria pseudoeichhorniae.
Pathogenic on diseased leaves of Prunus avium. Sexual morph: not observed. Asexual morph: Hyphae subhyaline to hyaline, branched, smooth, septate. Conidiophores 18-48.5 × 2.5-6 μm (x ̅ = 29.1 × 4.3 μm, n = 10), solitary, simple, straight or flexuous, dark brown, multi-septate, with a single or up to three terminal conidiogenous loci. Conidia 16-30.2 × 5-13 μm (x ̅ = 22.6 × 9.8 μm, n = 40), solitary or in a chain of 2-4 or more, straight, obpyriform to obclavate, light brown, with smooth outer wall, usually with an indistinct basal pore, muriform, with 2-3 transverse and 0-1 longitudinal septa, often constricted at the primary septa. Conidial beak absent or present as a short conical, narrowly tapered or almost cylindrical beak. Culture characteristics -Colonies on PCA fast growing, circular, with velvety to cotton abundant greyish aerial mycelium, effuse at the edges, occasionally forming black patches towards the margin of the colonies, with conspicuous concentric zonations of growth, attaining a diameter of 8.5 cm in 7 days at 25 °C.
Material examined -CHINA. Beijing, on leaf spots of Prunus avium L. (Rosaceae), 28 September 2017, K.W.T. Chethana (MFLU 18-2665, holotype) -ex-type culture, MFLUCC 18-1589; ibid. (KUMCC 18-0397, isotype) .
Notes -Based on our phylogenetic analyses of combined ITS, GAPDH, RPB2, TEF 1-α and Alt-a sequence data of Alternaria species (Fig. 2) , our strain (MFLUCC 18-1589) clustered in a clade together with the isolates of Alternaria tomato (CBS 103.30 and CBS 114.35) , A. burnsii (CBS 108.27 and CBS 107.38) and A. jacinthicola (CBS 133751 and CPC 25267). Our novel taxon was separated from these taxa with high bootstrap values and strong baysean posterior probabilities (100% MP, 95% ML, and 1.00 PP). A comparison of the protein coding regions GADPH, RPB2 and TEF 1-α between our species (MFLUCC 18-1589) and closely associated A. jacinthicola (CPC 25267) revealed 3.92%, 4.5% and 5.4% base pair differences respectively. Morphological comparison between them revealed different conidial characters. Compared to our strain, A. jacinthicola have larger conidiophores (70 × 2-4 µm) and larger (28-32 × 12-15 µm), very short beaked, 3-7 transverse and 1-2 longitudinal septate conidia (Dagno et al. 2011) . As mentioned in the etymology section, our strain show a high resemblance to A. eichhorniae. When comparing our strain with the type specimen of A. eichhorniae (CBS 489.92), they are similar in morphology except for conidia and conidiomata. Our strain have slightly smaller conidia, and smaller conidiophores as compared to the type strain (Nag Raj & Ponnappa 1970). Colletotrichum was introduced by Corda (1831) for Colletotrichum lineola Corda. The genus includes endophytes, saprobes and many plant pathogens (Hyde et al. 2009 , Jayawardena et al. 2016 . Colletotrichum was placed in Glomerellaceae, Sordariomycetes by Kirk et al. (2001) and this was confirmed by other studies (Maharachchikumbura et al. 2015 (Maharachchikumbura et al. , 2016 . Conidiophores not observed. Conidiogenous cells poorly differentiated, arise from hyphae without any organization. Conidia 14-31.2 × 4-8 μm (x ̅ = 18.9 × 6.2 μm, n = 40), hyaline, smooth-walled, aseptate, guttulate, straight, cylindrical with broadly rounded ends. Appressoria 6-10 μm diam., dark brown or black, sub-globose or with few broad lobes. Chlamydospores and setae not observed.
Colletotrichum aenigma
Culture characteristics -Colonies on PDA slow growing, attaining a diameter of 5.0 cm in 4 days at 25 °C, circular, with cotton, dense, white aerial mycelium, reverse centre pale olivaceous grey and olivaceous grey towards the margin, becoming black with age. (Schena et al. 2014 , Yan et al. 2015 , Han et al. 2016 , Choi et al. 2017 , Diao et al. 2017 . Based on our phylogenetic analysis of combined ITS, GAPDH, CHS, ACT and TUB2 sequence data of Colletotrichum species (Fig. 3) , our strain (MFLUCC 18-1603) clustered together with the ex-type strain of C. aenigma (ICMP 18608) with high bootstrap and Bayesian probabilities (100% MP, 100% ML and 1.00 PP). Comparisons of base pair differences for all the genes between our strain (MFLUCC 18-1603) and ex-type strain of C. aenigma (ICMP 18608) reveal identical or less than 1% base pair differences. When comparing our strain with the type specimen of C. aenigma (ICMP 18608), it showed similar morphology (Weir et al. 2012) . Conidiogenous cells 8.6-14.5 × 1-4 μm (x ̅ = 10.9 × 3.4 μm, n = 20, n = 20), hyaline to pale brown, cylindrical, tapering uniformly from base to tip, arising from highly septate, swollen hyphae on PDA. Phialides 14.5-20 × 3-4 μm produced from short-cell hyphae, cylindrical, tapered toward the tip and tips marked by periclinal thickening. Conidia 13-19.7 × 4-6 µm (x ̅ = 16.6 × 5.0 µm, n = 40), L/W ratio 3.3, hyaline, smooth-walled, aseptate, straight, sub-cylindrical to clavate, often with broadly rounded ends. Appressoria 6-10 × 5-8 µm (x ̅ = 9.8 × 6.9 µm, n = 10), irregular, light brown. Chlamydospores and setae not observed.
Culture characteristics -Colonies on PDA slow growing, attaining a diameter of 5.0 cm in 4 days at 25 °C, circular, with velvety to cotton, dense, greyish aerial mycelium, initially light grey, with hyaline immersed hyphae, forming dark, grey, concentric rings, becoming black with age.
Material examined -CHINA. Beijing, on leaf spots of Prunus avium L. (Rosaceae), 28 September 2017, K.W.T. Chethana (MFLU 18-2656 , holotype) -ex-type culture, MFLUCC 18-1602 ibid. (KUMCC 18-0410, isotype) .
Notes -Based on the phylogenetic analysis of the current study of combined ITS, GAPDH, CHS, ACT and TUB2 sequence data of Colletotrichum species (Fig. 3) , our taxon C. pseudotheobromicola (MFLUCC 18-1602) is phylogenetically distant from the ex-type strain of C. theobromicola (CBS 124945; 86% MP 90% ML and 0.98 PP) . A comparison of the 521 nucleotides across the ITS (+5.8S) gene region between C. pseudotheobromicola (MFLUCC 18-1602) and C. theobromicola (CBS 124945) reveal 3.15% base pair difference. Furthermore, comparison of our new taxon with C. theobromicola (CBS 124945) for base pair differences in the protein coding genes showed, 4.74% base pair difference across 250 nucleotides in GAPDH gene region; 10% base pair difference across 282 nucleotides in CHS gene region; 3.46% base pair difference across 491 nucleotides in TUB2 gene region; and 10% base pair difference across 256 nucleotides in ACT gene region. When comparing our strain with the type specimen of C. theobromicola (CBS 489.92) , they are similar in morphology (Rojas et al. 2010 ) except for spore and appressoria characters. Our taxon C. pseudotheobromicola (MFLUCC 18-1602) differs from C. theobromicola (CBS 489.92) in having larger spores (13-19.7 × 4-6 µm) and larger appressoria (6-10 × 5-8 µm) compared to smaller spores (14-18.7 × 4-5 µm) and smaller appressoria (6-10 × 5-6 µm) of C. theobromicola (CBS 489.92) . Chen & L. Cai, Stud. Mycol. 82: 212 (2015) Nothophoma was introduced by Chen et al. (2015) with
Cai. This ubiquitous, species-rich genus includes many important plant pathogens (Chen et al. 2015) . Chethana, Yan, Li & K.D. Hyde, sp. nov. Fig. 12 MycoBank number: MB828518; Facesoffungi number: FoF04917 Etymology -The specific epithet pruni was given after the host genus. Saprobic on diseased leaves of Prunus avium. Sexual morph: Undetermined. Asexual morph: Pycnidia on the PDA surface, 0.22-0.43 mm (x̄ = 0.28 mm, n = 10) diam., solitary, scattered, globose to irregularly shaped, black, ostiolate. Conidiogenous cells phialidic, hyaline, simple, doliiform to ampulliform, variable in size. Conidia 4.8-8.5 × 2.7-3.9 µm (x̄ = 6 × 3.3 µm, n = 40), cylindrical to obovoid or oblong, hyaline, aseptate, smooth-walled. Conidial exudates hyaline to buff.
Nothophoma pruni
Culture characteristics -Colonies on PDA reach 80 mm diam. after 7 days at 25 °C, with regular margin, dull white aerial mycelium surface floccose, with reverse pale vinaceous.
Material examined -CHINA. Note -According to the phylogenetic analysis of combined LSU, ITS, RPB2 and TUB2 sequence data of Didymellaceae species (Fig. 4) , our collection of Nothophoma pruni formed a subclade within genus Nothophoma. The Nothophoma pruni collection was well-separated from its sister taxa, N. quercina (CBS 633.92 ) with a relatively high bootstrap and Bayesian probabilities (95% ML, 93% MP, 1.00 PP). A comparison of the 486 nucleotides across the ITS (+5.8S) gene region between N. pruni (MFLUCC 18-1601) and N. quercina (CBS 633.92) reveal 2.46% base pair difference. Furthermore, comparison of our new taxon with N. quercina (CBS 633.92) for base pair differences in the protein coding genes confirmed its novelty. There are 3.19% base pair difference across 909 nucleotides in RPB2 gene region and 4.17% base pair difference across 335 nucleotides in TUB2 gene region. Our collection differs from ex-type of N. quercina in having cylindrical to obovoid or oblong, hyaline, slightly smaller (4.8-8.5 × 2.7-3.9 µm) conidia in 521 contrast to subglobose to oval to obtuse, brown, larger (5.5-7.5 × 3-4.5 µm) conidia of N. quercina (Aveskamp et al. 2010) .
Nothophoma quercina (Syd. & P. Syd.) Qian Chen & L. Cai, Stud. Mycol. 82: 213 (2015) Fig. 13 Facesoffungi number: FoF04918 Basionym: Cicinobolus quercinus Syd., Ann. Mycol. 13: 42 (1915) ≡ Ampelomyces quercinus (Syd.) Rudakov, Mikol. Fitopatol. 13: 109 (1979) ≡ Phoma fungicola Aveskamp et al., Stud. Mycol. 65: 26 (2010) Saprobic on diseased leaves of Prunus avium. Sexual morph: Undetermined. Asexual morph: Pycnidia on the PDA surface, 0.22-0.43 mm (x̄ = 0.28 mm, n = 10) diam., solitary, scattered, globose to irregularly shaped, black, ostiolate. Pycnidial wall multi-layered, composed of pale brown, pseudoparenchymatous cells, thicker outer layer and thinner inner layer. Conidiogenous cells phialidic, hyaline, simple, doliiform to ampulliform, variable in size. Conidia 2-5.5 × 1-4 µm (x̄ = 3.5 × 2.5 µm, n = 40), variable in size and shape, subglobose to oval or obtuse, initially hyaline, but brown at maturity, aseptate, smooth-walled. Conidial exudates hyaline to buff. Culture characteristics -Colonies on PDA reach 80 mm diam. after 7 days at 25 °C, with regular margin, dull white aerial mycelium surface floccose to wooly, with greenish olivaceous to olivaceous near the centre and reverse dark ochreous in the centre and white in the margin. Stewart, Turner & Brewer, Fungal Biol. 119: 377 (2015) Fig. 14 Facesoffungi number: FoF 04919 Saprobic on diseased leaves of Prunus avium. Sexual morph: Undetermined. Asexual morph: Pycnidia on the PDA surface, solitary, globose to subglobose, black, immersed or on the surface. Pycnidial wall multi-layered, composed of pale brown, pseudoparenchymatous cells, thicker outer layer, and a thinner inner layer. Conidiogenous cells phialidic, hyaline, simple, doliiform to ampulliform, variable in size. Conidia 4-7.6 × 1.6-3.5 µm (x̄ = 6.0 × 2.5 µm, n = 40), cylindrical to ellipsoidal, hyaline, aseptate, straight to slightly curved, thin and smooth-walled. Conidial exudates buff. Note -In the current study, a new host record was identified for S. citrulli by the phylogenetic analysis of combined ITS, LSU, TUB2 and RPB2 sequence data of Didymellaceae species (Fig. 4) . Stagonosporopsis citrulli (MFLUCC 18-1595) clusters together with the ex-type of S. citrulli (ATCC TSD-2) with relatively high bootstrap and Bayesian probabilities (100% ML, 100% MP, 1.00 PP). A comparison of the 499 nucleotides across the ITS (+5.8S) gene region between S. citrulli (JZB380014) and S. citrulli (ATCC TSD-2) reveal l.4% base pair difference. Furthermore, comparison of our new taxon with S. citrulli (ATCC TSD-2) for base pair differences in the protein coding genes confirmed that it is the same species. There are no base pair difference across 324 nucleotides in TUB2 gene region. When we compared the morphology of our isolate with S. citrulli (ATCC TSD-2), both exhibited similar morphological characters (Boerema et al. 2004 ).
Epicoccum Link, Mag. Gesell. Naturf. Freunde, Belin 7: 32 (1816)
The genus Epicoccum was emended by Chen et al. (2015) to incorporate several Phoma species with epicoccoid, subcylindrical conidia, and irregular pycnidial conidiomata. Etymology -The specific epithet pseudokeratinophilum was given after its resemblance to Epicoccum keratinophilum.
Epicoccum pseudokeratinophilum
Saprobic on diseased leaves of Prunus avium. Sexual morph: Undetermined. Asexual morph: Pycnidia on the PDA surface, 1.3-2.7 mm (x̄ = 1.8 mm, n = 10) diam., solitary, aggregated, glabrous, subglobose, brown, superficial or immersed in the media. Pycnidial wall multi-layered, composed of brown to dark brown cells of textura angularis. Conidiogenous cells phialidic, hyaline, simple, ampulliform to globose. Conidia 4.8-6.9 × 1.3-3 µm (x̄ = 5.9 × 2.2 µm, n = 40), cylindrical to ellipsoidal, hyaline, aseptate, straight to slightly curved, thin and smooth-walled, mostly with 2 polar guttules and sometimes 3-guttules. Chlamydospores 3.5-5.2 × 2.9-3.6 µm (x̄ = 4.4 × 3.2 µm, n = 10), unicellular, pale brown, smooth-walled, disposed singly, globose to subglobose.
Culture characteristics -Colonies on PDA reach 60 mm diam. after 7 days at 25 °C, with regular margin, flattened, dark grey olivaceous surface towards the margin and white in the centre, dark olivaceous black reverse with grey olivaceous margin. Hyphae pale brown, smooth-and thinwalled, septate, 2.5-5 μm wide.
Material examined -CHINA. Note -In our study, we identified an Epicoccum species with morphological characters similar to Epicoccum keratinophilum. When comparing our species with the type specimen of E. keratinophilum (UTHSC: DI16-271), they are similar in morphology. However, conidia are slightly larger in size as compared to the type specimen (4-6 × 1.5-2 µm) and chlamydospores were present in our culture. Based on our phylogenetic analysis of combined ITS, LSU, TUB2 and RPB2 sequence data of Epicoccum species (Fig. 4) , our strain of E. pseudokeratinophilum (MFLUCC 18-1593) clustered basal to the ex-type strain of Epicoccum keratinophilum (UTHSC:DI16-271) with relatively high bootstrap and Bayesian probabilities (90% ML, 98 % MP, 0.98 PP). A comparison of the 486 nucleotides across the ITS (+5.8S) gene region between E. pseudokeratinophilum (MFLUCC 18-1593) and Epicoccum keratinophilum (UTHSC: DI16-271) reveal 2.45% base pair difference. Furthermore, comparison of our new taxon with Epicoccum keratinophilum (UTHSC: DI16-271) for base pair differences in the protein coding genes confirmed its novelty. There are 2.18% base pair difference across 596 nucleotides in RPB2 gene region and 5.11% base pair difference across 327 nucleotides in TUB2 gene region.
Discussion
With varying severity in different geographical and climatic regions, cherry leaf spot thrives throughout the world with moderately wet conditions and with temperatures above 16 °C (Ogawa & English 1991 , Holb 2009 , Farr & Rossman 2011 , Faust & Surányi 2011 , Joshua 2012 , Choi et al. 2014 . The optimal temperature range for the spread of most of the pathogens is between 16-20 °C (Wilcox 1993 , Pederson et al. 2012 . Cherry leaf spot is identified as a common disease in Chinese orchards. In China, the fruiting period of cherry falls within the summer rainy season, facilitating the disease spread among the Chinese orchards. During the early summer, initial symptoms appear on the upper surface of leaves and with frequent rains in May and June, fungi spread extremely quickly similar to the observations by Ellis (2008) . Disease severity in the orchards differ according to different environmental conditions and sanitary conditions inside the orchards. In the current study, we have obtained 67 isolates from the diseased cherry leaves. The majority belonged to Alternaria prunicola (50 isolates) and during the pathogenicity assay, these isolates reproduced identical disease symptoms on detached leaves. Thus, we concluded A.
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prunicola as the causative agent of the cherry leaf spot in cherry orchards in Beijing. In addition, six isolates of A. alternata were isolated from diseased leaves. Alternaria alternata has previously been identified as one of the pathogens of Cherry leaf spot in Greece (Thomidis & Tsipouridis 2006) and as the pathogen of black spot disease on cherry fruits (Zhao & Liu 2012) . Even though A. prunicola is the main pathogen, Colletotrichum aenigma and C. pseudotheobromicola exhibited a higher level of virulence as compared to A. prunicola in the pathogenicity assay. This can be justified as these Colletotrichum species are considered to be pathogenic on most of their hosts (Jayawardena et al. 2016) . Furthermore, identification of several Didymellaceae species, which are proven to be weakly pathogenic or non-pathogenic during our pathogenicity assay, confirms that these species may cause secondary infections on diseased leaves with cherry leaf spots. In our pathogenicity assay, the disease severity of the cherry leaf spot significantly changed among the cultivars. Prunus avium cv. 'Sunburst' exhibited significantly higher resistance as compared to the other two cultivars. Therefore, cultivation of resistant cultivars such as 'Sunburst' can slightly reduce the severity of the disease in the orchards.
For most of the plant diseases, primary inoculum mostly comes from within the orchard through leaf debris, infected plant tissues and from fallen mummified berries. Similarly, for cherry leaf spot, we believe that the primary inoculum came from within the orchard. During our field survey, we observed diseased leaves among the leaf debris on the ground. Furthermore, we were able to isolate A. prunicola from the leaf debris, the same pathogen that we isolated from diseased leaves, confirming our observations. Thus, A. prunicola can be considered as a true pathogen. It not only relies on the host (P. avium leaves) for its growth, but also capable of surviving by overwintering in the leaf debris and contribute significantly in forming the primary inoculum for the disease for the next season. Therefore, if the orchard had been infected previously by the leaf spot pathogen, there is a higher probability for the disease to occur in the new season if proper control measures are not followed. Information on the primary inoculum source, the timing of infection, proper agricultural practices as well as the application of fungicides can help the growers in designing effective disease management strategies. Since the main form of survival for the pathogen is in the leaf litter, removing and destroying the leaf litter can significantly decrease the primary inoculum. Furthermore, pruning is another method practiced by growers to reduce humidity and increase air and light circulation in the orchards. In addition to these agricultural practices, growers and researchers are experimenting the efficacy of different fungicides against cherry leaf spot pathogens (Hamilton et al. 1956 , Eisensmith & Jones 1981 , Green et al. 2006 ).
To our knowledge, this is the first study that has identified and characterised the cherry leaf spot pathogen, A. prunicola in Beijing, China by morpho-molecular studies and pathogenicity assays. Identification of this new pathogen is important as it is the most critical step in the early detection and monitoring stages of any disease management program (Riley et al. 2002) . Correct identification of the pathogen, A. prunicola, becomes important as there are many Alternaria species occurring on Cherries with varied virulence and varied lifestyles such as pathogens and saprobes (Zhu & Chang 2004 , Thomidis & Tsipouridis 2006 , Farr & Rossman 2013 , Choi et al. 2014 ). Identification of a new taxon indicates that a new pathogen has been evolved under the existing chemical and traditional control methods. Therefore, a new control strategy must be designed by combining chemical and agricultural approaches. Studies must be designed to confirm the efficacy of traditional fungicides such as Captan, Chlorothalonil, Tebuconazole, and Trifloxystrobin (Joshua 2012) against leaf spot pathogen A. prunicola. Furthermore, representative isolates used in our pathogenicity study (JZB3180002, MFLUCC 18-1598 , MFLUCC 18-1596 and MFLUCC 18-1597 , MFLUCC 18-1599 could be utilized in screening effective fungicides against our new pathogenic taxon. Another successful preventive strategy is to cultivate cherry leaf spot resistant cultivars (Riley et al. 2002) . However, according to the previous research conducted against cherry leaf spot caused by Blumeriella jaapii, all the sweet cherry cultivars were susceptible to the disease, whereas several sour cherry cultivars such as 'Morina', 'Köröser Gierstädt', 'Hartai' and 'Karneol' showed some resistance (Schuster & Tobutt 2004) . In addition to integrating chemical control with proper agricultural practices, a diversified leaf spot disease management strategy can be implemented in cherry orchards in Beijing. In the current study, we only investigated cherry growing areas in Beijing. In future studies, the disease sample collection area should be further expanded to all the provinces in China. If possible, Alternaria cerasi cultures previously identified in China based only on morphological characters should be re-investigated. Research can now focus on species population dynamics and disease epidemiology to design more effective disease management strategies against these pathogens.
